Calcium regulates neuronal differentiation both directly and via co-cultured myocytes.
Control of neuronal development by cellular interactions can be regulated by both extracellular and intracellular calcium. Removal of extracellular calcium affects the differentiation of amphibian spinal neurons in vitro by preventing neuronal calcium influx during the production of calcium-dependent action potentials (Holliday and Spitzer, Dev. Biol. 141:13-23, 1990). However, this culture condition affects differentiation through other mechanisms as well. We have investigated the interaction between neurons and myocytes to distinguish direct effects of low extracellular calcium on neuronal differentiation and indirect effects due to interference with neuron-myocyte interactions. We have examined the initiation of neurite outgrowth and the subsequent extension and orientation of processes. We find that (1) the number of neurons that initiate process outgrowth is reduced by the presence of myocytes in a standard medium containing calcium. Experiments with muscle-conditioned medium indicate that the production and/or secretion of inhibitory cues is calcium dependent. (2) When neurite initiation occurs, neuronal architecture in the absence of myocytes is similar to that in their presence, either in standard or in calcium-free medium, although neurite extension is enhanced by the absence of calcium. (3) Conditioned medium (CM) experiments additionally demonstrate that the orientation of neurite outgrowth to myocyte-derived cues is calcium dependent, although the production of directional cues by myocytes is calcium independent.